The role of glutamatergic dysfunction in the pathophysiology of OCD has hardly been explored despite recent reports implicating glutamatergic dysfunction in OCD. We decided to investigate CSF glutamate levels in adult OCD probands compared to psychiatrically normal controls. In total, 21 consenting psychotropic drug-naïve adult OCD patients, diagnosed using SCID-IV-CV, and 18 consenting psychiatrically normal controls with age within 10 years of age of the patients, who did not have any history of head injury or neurological illness, were included into the study. Aseptically collected and stored CSF samples obtained from the patients and control subjects were used for glutamate estimation, which was carried out by a modification of the procedure described by Lund (1986) . CSF glutamate (mmol/l) level was found to be significantly higher [F(1,31) ¼ 6.846, p ¼ 0.014] in OCD patients (47.1274.25) compared to control subjects (41.3673.63) on analysis of covariance. There was no effect of gender, age, duration of illness, Y-BOCS score, or CGI-S score on CSF glutamate levels. Our study provides preliminary evidence implicating glutamatergic excess in the pathophysiology of OCD, which needs to be further explored by studies from other centers involving larger sample sets from different age groups.
INTRODUCTION
There is now a large body of evidence regarding the serotonergic basis of OCD. Functional imaging studies have also implicated cortico-striatal-pallido-thalamo-cortical tract dysfunction in OCD patients (Saxena et al, 1998) . These regions also receive a large amount of serotonergic innervation from the raphe nuclei. While the exact nature of serotonergic dysfunction in OCD is still a matter of conjecture, the fact that at least 30% of OCD patients do not respond to specific serotonin reuptake inhibitors (SSRIs) indicate that there might be different mechanisms underlying the overall clinical heterogeneity of OCD patients (Montgomery, 1994; Sasson and Zohar, 1996) . The fact that only approximately 50-60% of OCD patients report exacerbation of symptoms after acute administration of m-CPP serves as a further pointer to the role of other neurotransmitters in OCD. While some meta-analyses (Griest et al, 1995; Stein et al, 1995) suggest that less selective serotonergic agents may be more efficacious in OCD, the fact that OCD patients with comorbid tics respond better on augmentation of SSRIs with antipsychotics also support the role of other factors in OCD. Although, researchers have investigated the role of the opioid system (Keuler et al, 1996) and neuropeptides like oxytocin and vasopressin (Altemus et al, 1992; Leckman et al, 1994) in OCD, the evidence has been equivocal.
One of the neurotransmitters that have not been investigated till recently with relation to OCD, despite being present in abundance in the neuroanatomical substrate implicated in OCD, has been glutamate. Although functional, structural, and spectroscopic brain imaging studies have implicated dysfunction in either the 'direct' or 'indirect' loops of the cortico-striato-pallido-thalamo-cortical OCD circuit (Saxena and Rauch, 2000) , where the predominant excitatory neurotransmitter is glutamate, there have been few hypothesis-driven studies investigating glutamatergic dysfunction in OCD. In one of the first reports implicating glutamatergic dysfunction in OCD, Moore et al (1998) reported striking changes in caudate glutamate resonance on proton magnetic resonance spectroscopy (1H-MRS) in a 9-year-old boy with OCD following 12 weeks of paroxetine treatment. Subsequently, Rosenberg et al (2000) studied 11 psychotropic drug-naïve children (8-17 years) with OCD, with single-voxel 1H-MRS examinations and demonstrated that caudate glutamate concentrations were significantly greater in the patients compared to healthy controls. They also found that the caudate glutamate levels in patients decreased significantly following 12-weeks treatment with paroxetine to levels comparable to that of controls and the decrease was associated with decrease in symptom severity of the OCD patients. In the same study, they also compared the glutamate levels in occipital cortex in another sample of eight pediatric OCD patients and eight healthy children and found no difference between the two. In a subsequent report (Bolton et al, 2001) , the same group reported that the decrease in left caudate glutamate levels on 1H-MRS following 12 weeks treatment with paroxetine, persisted 3 months after medication discontinuation in an 8-year old girl, who was part of the earlier sample of paroxetine treated OCD patients. The authors however did not find any significant change in left caudate volumes between baseline, after 12 weeks of paroxetine and 3 months after discontinuation of paroxetine.
Although, the 1H-MRS studies implicate glutamatergic dysfunction in OCD, the studies involved small samples and only pediatric age group. To our knowledge, there are no published reports that have investigated glutamatergic dysfunction in adult OCD. Although, studies have investigated glutamate levels in CSF in schizophrenia (Kim et al, 1980; Gattaz et al, 1982; Korpi et al, 1987; Labarca et al, 1995; Faustman et al, 1999) , similar studies are lacking in OCD. In the background of the MRS data, we decided to investigate CSF glutamate levels in adult OCD probands and compare it to psychiatrically normal controls.
MATERIALS AND METHODS

Recruitment and Assessment of Subjects
The study was approved by the departmental review board and was in accordance with the Helsinki declaration, 1975. All patients aged 16 years and older, screened at the National Institute of Mental Health and Neurosciences (NIMHANS) Psychiatry Screening OPD and diagnosed to be suffering from OCD, and who had never been on any psychotropic agents were administered the Structured Clinical Interview for DSM IV-clinician version (SCID-IV-CV) (First et al, 1997) . Patients who fulfilled the diagnostic criteria, and who did not have any lifetime history of psychotic disorder or mental retardation, were included in the study. Informed consent of patients was taken before including them in the study. Thereafter, patients were rated on the Yale-Brown Obsessive Compulsive Symptom Checklist (Y-BOCS) (Goodman et al, 1989a, b) , Yale-Brown Obsessive Compulsive Severity Rating Scale (Goodman et al, 1989a, b) , and Clinical Global Impression-Severity (CGI-S) Scale. In total, 21 consenting psychotropic drugnaïve OCD patients were included into the study. Control population were taken from patients scheduled for various operative procedures (n ¼ 12; inguinal herniaF5, fractures of the femur and tibiaF4, varicoceleF1, anal fissureF1 and fibroid uterusF1) under spinal anesthesia in a general hospital located in the same geographical area and also from staff (n ¼ 6) working in the hospital who volunteered to be part of the study. Informed consent was taken before finally including the subjects into the study. They were included into the study following administration of SCID-IV-CV (First et al, 1997) after ruling out lifetime history of any psychiatric illness and history of head injury or any other neurological illness. In total, 18 consenting psychiatrically normal controls without any history of head injury or other neurological illness and with age within 10 years of age of the patients were taken into the study. Subsequently, lumbar puncture was carried out to collect CSF.
Sample Collection and Storage
Lumbar puncture was carried out in patients as well as controls after overnight fasting. About 2 ml of CSF was collected, under aseptic conditions from the intervertebral space between L4 and L5 spines, using 22 gz disposable spinal needles with the subject in the left lateral position. The CSF sample was transferred in ice-packs and immediately stored at À701C. We did not employ any dietary restrictions for either the patients or controls in this study. The stored CSF was used subsequently for glutamate estimation. The duration of storage before estimation of the CSF sample was between 2 and 20 months (mean ¼ 12.9575.15) for the patient sample and 2 and 11 months (mean ¼ 3.0272.90) for the control sample.
Glutamate Estimation
Glutamate estimation was carried out by a modification of the procedure described by Lund (1986) . Briefly, various concentrations of Glutamate standards obtained from Sigma-Aldrich (USA) were taken in screw-capped tubes marked 'S' while 0.25 ml of patient samples were taken in screw-capped tubes marked 'T'. To each of the standard or test samples, 1 ml of Tris-EDTA-Hydrazine buffer, 0.1 ml of NAD solution, 0.01 ml of ADP solution, and water were added, so that the total reaction volume added up to 2 ml (Tris-EDTA-Hydrazine buffer, NAD, and ADP solution obtained from Sigma-Aldrich, USA). Absorbance (C 1 ) was read using a spectrophotometer at 340 nm to obtain background reading. To each of the tubes, 0.02 ml of L-glutamic dehydrogenase was added and the absorbance (C 2 ) was again read after a 40-min incubation, at 340 nm subtraction of C 1 from C 2 gave the net absorbance. The calculation of the glutamate level in the samples was carried out using the standard curve.
Statistical Analysis
Initially, we analyzed differences in sociodemographic variables between the two groups (OCD vs normal controls) with w 2 test for categorical variables and Student's t-test for continuous variables. Means and frequencies of clinical variables in the OCD group were calculated. We examined a scatter-plot of CSF glutamate levels to identify outliers. To investigate whether CSF glutamate levels differed between the two groups of subjects, we did analysis of covariance (ANCOVA) using diagnosis and gender as factors and age, duration of illness, Y-BOCS scores, and CGI-S scores as covariates and repeated this analysis after excluding the outliers. Table 1 shows the sociodemographic profile of the subjects. There were no significant differences between the OCD patients and the controls except that the mean age of the control group was significantly more compared to the patient group. Table 2 shows the mean duration of illness, mean Y-BOCS and CGI-S scores, psychiatric comorbidities and frequencies of various obsessive-compulsive symptoms in the patients. Table 3 shows the mean glutamate levels (mmol/l) in CSF in male and female patients and controls. Figure 1 shows a scatter-plot of CSF glutamate levels in male and female patients and controls. Table 4 shows the result of analysis of covariance (ANCOVA) with diagnosis and gender included as factors and age, duration of illness, total Y-BOCS scores, and CGI-S scores included as covariates. There was a Figure 1 Scatterplot showing CSF glutamate levels in patients (1) and controls (2). 
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The aim of our study was to investigate glutamate levels in psychotropic drug-naive OCD patients and compare it with psychiatrically normal controls. The main finding of our study is that CSF glutamate levels are significantly raised in OCD patients compared to normal controls, and that the difference is unrelated to age or gender of the subjects. To our knowledge, this is the first published report investigating CSF glutamate levels in OCD patients, although there have been previous studies investigating various biogenic amines in CSF in OCD patients (Thoren et al, 1980; Insel et al, 1985; Swedo et al, 1992; Leckman et al, 1995) . The use of psychotropic drug-naïve patients in order to avoid the confounding effects of medications (Charney et al, 1981; Mellstrom et al, 1982; Garvey et al, 1984) and the use of a psychiatrically normal control sample constitute the other methodological advantages of our study. While previous imaging studies have demonstrated increased glutamate levels, which come down with treatment, they had used pediatric sample. Our study demonstrates glutamatergic abnormalities for the first time in a sample of adult OCD patients. Additionally, one of the pitfalls of using 1H-MRS for estimating glutamate/glutamine levels is that they do not appear as a single resonance peak in the spectrum as N-acetyl aspartate (NAA) or choline (Cho) do, but are split into multiplets due to their chemical structures. In addition to limitations in absolute spectroscopic quantification, there is a large amount of overlap in the chemical shift range of the multiplets obtained from glutamate/glutamine, rendering such assessments imprecise. Thus, our study complements MRS imaging studies in providing an estimate of brain glutamate levels.
However, the results of our study need to be considered on the background of certain methodological limitations. Although the CSF samples in our patient and control sample were drawn following an overnight fast, the time of collection of the samples was not uniform for the patient and control samples. However, to our knowledge, there are no reports indicating diurnal variation in CSF glutamate levels.
We did not control for diet or collect data regarding body weight or basal metabolic index (BMI) of the subjects. Again there are no reports indicating dietary influence on CSF glutamate levels. A recent study also did not find any effect of weight, height, or BMI on CSF glutamate levels (Altemus et al, 2004) . Our control sample was also not sex-matched with the patient sample and although attempt was made at matching age, the mean age of the control sample was significantly higher than the patient sample. However, previous studies that have looked at this issue have reported no influence of age and gender on CSF glutamate levels (Gjessing et al, 1974; Lakke and Teelken, 1976; McGale et al, 1977; Goodnick et al, 1980; Hagenfeldt et al, 1984; Ferraro and Hare, 1985, Altemus et al, 2004) . In addition, our covariate analyses did not show any significant effect of age or gender on CSF glutamate levels. Studies have, however, found that CSF glutamate levels varied according to mode of collection and storage (Ferrarese et al, 1993) . Levels of untreated CSF glutamate have been found to decrease gradually over time (Ferrarese et al, 1993; Anesi et al, 1998) . Although we used untreated CSF for glutamate estimation, as our patient's samples were stored for a longer duration compared to our control samples, the significantly higher glutamate levels found in our patient samples are unlikely to be an artifact of storage condition. On the contrary, possibly the differences would have been higher if our CSF samples were treated with acid and neutralized, or analyzed faster after collection. Some of our control subjects were scheduled for operative procedures for various conditions. It is unlikely that the CSF glutamate levels were influenced by these procedures as the CSF samples were obtained before the subjects were anesthetized for these procedures. To our knowledge, there is also no evidence that any of the various physical conditions present in our control subjects have any effect on CSF glutamate levels. It is also possible that CSF glutamate levels change with the stress of lumbar puncture as previously reported for various other neurochemicals, and thus do not reflect the correct levels (Hill et al, 1999) . However, this would have equally affected both the patient and control groups and hence would be unlikely to result in different CSF glutamate levels in the two groups.
Our study shows no statistically significant effect of total Y-BOCS scores or CGI-S scores on CSF glutamate levels, when they were included as covariates in the ANCOVA. If CSF glutamate levels were to be causally linked to OCD, one would expect an effect of symptom severity as measured by Y-BOCS or CGI-S scores on CSF glutamate levels, which was not found in our analyses. There are various possible explanations for this finding. It is possible that our study sample was underpowered to delineate the relationship between OCD symptom severity and CSF glutamate levels. A more likely reason for the lack of statistically significant relationship between OCD symptom severity and CSF glutamate levels as evident in our study is that although our study and various neuroimaging studies implicate glutamatergic excess in the pathophysiology of OCD, it is likely that there is a complex interplay of various neurotransmitter dysfunctions rather than centrality of one neurotransmitter dysfunction in OCD, ruling out any simple correlation between OCD symptom severity scores and CSF glutamate levels. It is also possible that there are hyposerotonergic and hyperglutamatergic subtypes of OCD and any relationship between measures of symptom severity and CSF neurotransmitter levels are likely to be manifest only when patients with a specific neurotransmitter dysfunction are selected in a study.
The results of our study implicate glutamatergic excess in the pathophysiology of OCD. This needs to be understood on the background of the current understanding regarding the neurobiological basis of OCD. On the basis of functional, structural, and spectroscopic brain imaging studies, it has been postulated that OCD involves dysfunction in one of the several hypothesized parallel corticostriato-pallido-thalamo-cortical loops (Alexander et al, 1986; Saxena and Rauch, 2000) . The OCD circuit is hypothesized to have two loops: (1) the direct pathway, projecting from the cerebral cortex to striatum to the internal segment of the globus pallidus-substantia nigrapars reticulata complex (Gpi/SNr) and then to thalamus and back to cortex; and (2) the indirect pathway, projecting from the cortex to striatum and then to the external segment of the globus pallidus followed by subthalamic nucleus before returning to the Gpi/SNr, where it rejoins the common pathway to the thalamus before returning to the cortex (Saxena and Rauch, 2000) . Although there are various neurotransmitters that modulate the activity of afferents and efferents in these loops, it is significant that excitatory inputs in these pathways are predominantly glutamatergic, whereas inhibitory ones are predominantly GABAergic (Parent and Hazrati, 1995) . It has been hypothesized that overactivity of the direct pathway or underactivity of the indirect pathway leads to OCD. Considering the predominant neurotransmitters involved in these pathways, the direct pathway overactivity model of OCD suggests glutamatergic excess in certain brain regions in OCD, which is compatible with increased CSF glutamate in OCD patients. Thus, our finding of significantly increased CSF glutamate in OCD patients provides evidence in support of the current neurobiological models of OCD. However, one needs to keep in mind that increased CSF glutamate is not exactly the same as increased glutamatergic activity in the cortical and subcortical pathways. Different processes such as neuronal release and transport, glial uptake, diffusion barriers, sequestration in distinct metabolic pools, and degradation may be responsible for the modifications of glutamate levels in CSF. Nevertheless, various studies have demonstrated the existence of a blood-CSF barrier to amino acids and suggested that CSF glutamate concentrations should reflect its function within the central nervous system (McGale et al, 1977; Ijima et al, 1978; Kornhuber and Kornhuber, 1992; Rothstein et al, 1992) .
The findings of our study that glutamatergic dysfunction is related to the pathophysiology of OCD has been supported also by findings from animal studies, in addition to the MRS-imaging studies in pediatric OCD (Moore et al, 1998; Rosenberg et al, 2000; Bolton et al, 2001) . McGrath et al (2000) have shown that MK-801, a noncompetitive NMDA receptor antagonist that indirectly stimulates cortical-limbic glutamate output, aggravated a transgenedependent abnormal behavior (repetitive climbing and leaping) in a transgenic mouse model of comorbid Tourette's syndrome and OCD, at doses insufficient to induce stereotypies, and more readily induced stereotypies and limbic seizure behaviours at higher doses.
In summary, our study provides preliminary evidence implicating glutamatergic excess in the pathophysiology of OCD. However, these findings need to be further explored by studies from other centers involving larger sample sets from different age groups. There is also a need to investigate the effect of treatment on CSF glutamate levels alongwith further characterization of various glutamate receptor levels and functioning in OCD patients before one may conclude on its relevance to OCD.
